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AI I adiw rccci w slot may lIas km  I dcvclq ml for 01}
cratiml  III tlIc dowllli]lk freqw!llcy }jald,  19.914-20.064
CJ1lZ, of NASA’s AdvaIIccd  ~())l]ll~~l]lictitic)ll  ‘l’kcllIIol-
(yI,y S a t e l l i t e  (A(Y1’S) for tllc! A(Y1’S hflobilc ‘lklIIIi-
IIal (A M’J’) ]m)jcct.  ‘J’}Ic aIILCIIIIa Iwcivcs  a vwlic:i]]y
Imlfirixcd  signal ill a  f ixed allgulal  lIwlIi rcg,iml 46”
al)(nre L]lc ]Ioriml, wit]l aII c]cvatiml Imalllwi(]tll  al
least  12” to m n]mwatc  for v{!] liclc ] )itcl I aIId yaw,
WI ICIC satcllitm trackill~,  is  obt,aillcd I)y st(!crillp,  tfIc
alitclllla  )Idlallica]ly. ‘J’]Ic actiw alltollla cmwists  of
al) an. ay of folwtcwl] li~lcar scrims fcci-tyj)c lrlicrostri])
slot  arr:iys,  fourt{!u  I ] )ackagcd  hJollolitllic  hl icrowtivc
llltcp,rat,cd  (;ircwit  (h4h41C~) low IIoisc allq)lificr (I,NA)
S(11 )1 1 Iodlll(!s co] 11 W.ct,cd at cad  I S[ll)al’lay  out] nit, a 14-
w a y  Jt}ilkil)soll-t.y])c  ]mvw  divider, aIId a fiIIal a(l-
diti(nla] 1,TNA sul MI Iodulc  IW!d w a drivw  alll])lificr,
h4casI11d  (J/’lI at- IWIIII ]xmk is  fi.4 dl 1/”1{.

l{c-ywds: Adivc Anay,  h4icrmtli]  ), Slots

1. IN’I’IK)IIIJ  CY1’ION

A  20 (;1 IZ actiw rc!cciw  slot  array  lIas lWII dw!l-
o] d for o] mratiu I ill t)lc dow llillk frcquo  Icy l)al Id of
NASA’s Advalmd (;olr~l[l(lllicat,ic)ll  ‘J’[!cl II Iolop,y Sat,cl-
lit,(!  (A(~’1’S)  for tlIc ACrJ’S  Mol)ilc ‘J’m,]i]la]  (AA4rl’)
]wt}jcc.t,,  ‘IIIC  Ah4rJ’ is t,o dc]tlollstratc  voice aIKl dab
co]llll]ll]licilti{)]l  t wt,w’cc])  a IImljilc tcr)llilial  i]) 1,(H AI I-
{{c1(:s, (~A, :11111 a f i x e d  t(!r)llillal ill (Jl(,\(,lii]l(l,  011,
v i a  tlIc A(:’J’S  satdlitc II], %t,dlitc t,lackill~~, for t,llc
lalldlllol)ilc v(:llicular allt(!lll}:i systclll  illvolvcs “l11(:-
cllallical  ditll(!rillg” of t,llc allt,f!lllla,  W]ICM! tll{! allt(’llllti
syst,cl  II radiates a fixed I)calfl 4(i” almvc tlw IIorimnl,
rcccivill~!  vertical ])(darixatioll aIId tl:lllslrlit(ill{{ lloI-
innltjal ]mlarizatim]  at, 20 alId 30 W]z, rcs]wctivdy.
‘1’1 w actji w rcccivc array  was dcsi[g]wl  as a lip,] IL

1 ‘]  ‘)IC  ]@[:a](jl  (I(sclit ){!{1  il ] t,llk ] )il])(!l  \\rilS  Cillli{,{l  0 1  It,

l)y  LII(,  J e t ,  1  ‘rtl])l]lsio]l  IJalmlatory,  [~alif(w]liii llwti-
Llltt: of ‘lkclllmlogy’,  Uldcl C.(}]klact  wit]l Lllc Niltiollill
Am)]lalitics  aIIcl S]mcc Acllllillist,]:it,io]i.

w~igllt,, ]OW j mofilc rup,ged  active al Ite] II Iii, wit])  10W-
cost, ]Iig]l-vo]ullm ]md[lctiol~  ]d,elltial wit])  WISJT  ill-
Lcgratiml of actiw il lttyyatccl  cimuit cmII]ml  m Its

‘1’1  IC active reccivc array  o] matc!s  ovw LIIC frcqum Icy
rallgc ]9.9] 4-20.064” ~~]]~,  with a Inillilllul[l sysLcIII
CJ/rJ’ of - 8 dll/c’K.  ‘1’IIc alltclllla, to bc IImulltcd olI all
8-illcll (Iiallwtw  Lllrllta))lc, rcccivcs a vertically ]mlal-
iml $i~,lliil  ill a fixul  allp, ular IWlll  rwiml  ~~c’ alwc
tllc IIorizoll, \\riL]l aII dcvatimi lwalllwidt]l  at lcasl  12“
to cO1 II] w} wile for vclliclc ]~itc)l al Id yaw.

‘1’]Ic actiw aIItCIIIIa cmwists  o f  aII array  of fmlrtcml
1 il lea]’ swim fc(l-tyl)c  1 I licrostril)  slot  al’l”ii~S,  fouvtccl I
])a~kii~,(!(l  h40]lolit,liic  h4icr(wavc IIltcgratcd  Circuitj
(h4h41(~) low lloisc a,[)]dificr  (I,NA) sulmIodLIlcs colI-
IIccLcd fit cacl I slllmrray  out,lmt,  a 14-way \Vilkillsoll-
ty]N!  ]xnvw dividw,  aIId a final additimlal  I,NA sulk
lll(dlll(.  llsml as ii drivw  :Illl])lifi(! l’. ‘1’11(:  ilCti VC rwcivc
iil”l’a J’ WilS dcsip, ] Icd t () ad liwc  Llle rm:i w S(:I Isi ti vity
](,(]llil(:lllcllt }ry ])lacillp, t,lic 1,NTAs as CIOSC as lmssil)lc
to  tllc  alltlelllla  Sul)awys, IIlillil[iizillg tjflc losses tlIaL
OCCII1 ill frmlt of tll(! alll])lificrs.  ‘1’11(: additimlal  driver
tiiiq)]ificr fllrt}lcr  IIlilliliiixcs styst(!ln (;/’J’ s(!mitivity  to
l(ws(!s  tl}at follow tllc alltclllla.

2 .  SI,O’J’ A}lI{AY

‘J’]Ic  S]OL array  c(jllsists of follrte(!ll ]illcar su]mn’ays
s] mc.wl  () ,fi4 SAC)  a} mlt.  lIkd I Iil Ic. aI series feel- t},] m SIII)

‘1ill’1’iij’  co]l.si.s(,  s of cip,llt Slot (: I(!IIICIILS tl’iill.S\r Cl’.S(! j’, (!l CC-
tI{))lln~:Ilcti(:\lly COII])I(T1 to a sllicldcd ]Ilicroslri])  li)tc

as slI(wII ill l~iq,iir(! 1 [2]. l’kclI sulmrray  \\ ’as dcsigld
Llsillf, trallsliiissioll  lill(! t,llc!ory wit]l cadi S1OL II Ioddcd
}1s a s(:rics illl])Cdiill C(!, (~ll:ilactcliz;ltioll  of tlic slot
clc IIIc IIts as a fllllctioll of dlsct was ])crforlllwl  lmtlI
tllcorctimlly and cx]mil]mltally, ATrq)litudc distri-
lmtioll  akntp, tlw array  aljd tJIc ]Ilail]  }.walII  dircctiml
tire a fl]llct,ioll of t,llc (:lc II I(!IIt offsets aIId illtcr(k)lmlt
s]mcjll~, r(:s])cct,i~,t,]y, ]11 a<lditioll, tllc illdividllal  slot
]0 Ip,t]ls  \J~L1’,V  aim IiI, t] IC array  d~lc to t,]m fact  tl I at tl I(!
s](jt,  ](!so]lil]lt  flc{l(lcllc:y is a fullct,iol)  of of[sct,  147]III(!
v(:ltica]  s]lort illp, pills ])laccd }M,wccII  LIIC siotl,(!(] ])]aIIc
alIcl tll(, .sllicl[lill~[ :, IO Iil Id ])la]lc  were  IIccwssary  t,o SU]>



lJi~ul”c 1, l,incar  slot Slltm’ay.

I )1’(!SS  Ull(]($ild  WSVC  ~H”O]Hlp,:LtlOl  I fo] S Sil  1[~1~ lil  lCii~

s\~l)ii]]ii~  [2], fo] t]IC 14-CO]LIIIIII  aIIaY,  ]itlk diffcrmm
wiis  SCCI  I  ill II Icasurm 1  ]Hitt(!l’l)S  S1)(1 p,ilill w’it]l  illl{l
wit])(mt tjl I(: slm”lil]g l)ilw, ‘J’11(:  dircdivity of t$f I(: al-
rsy is a]qwoxilllatdy  2’2.3 (113 aIId tllc! ilwcr(jiwl  10ss
wiks lIIwIsIIrcd  to lx: alqnoxil  Ilatcly ().:} 1 ,() dll.

3 .  MMIC MOIIUI,I’;

‘J’(I  ] )Iovidc  a low-cost ] moof-of-col  Kw]lt ac.tivc ] ll(d\llC
for COII III wrci al a]q dicatim  Is, t,] IC acti vc anay dcvclq}
II ICI Itj cfkwt i] Icor])mRtcd COII nlwrcial  N4k41 Cs 1 Iol Isd
ill ofl-tlic-slldf  IIIicJow~tvc  dcvicc ]mckagc:s. ‘Jl) CXCCCC1
tJIc IIlillilll[ll[l (:/’1’ s]w.cific.atim)  o f  - 8  dll/[’K,  tllc
1,NA su}nmdulc!s rcquid  s 4.0 dl{ ]Ioisc  fir,(lrcs  :Llld
> 17.5 dl{ gai]l. 11;w41 1,NA stilnlmdulc  mwists of two
‘t’lt~~ A] ,011] 02(; N4N41(;  l,NAs  II{)  IISC{I  ill R s(,ii]l(la)(l
~mck:{gc fro] I I Stmlltdgc Corjmratio]  I ald IJIOIIIIICCI O] I
n s(llnrricr,  I,NAs witfl a low’ II(lisc fi~,urc (< 3.3 dll)
\\rcl.c SC1(,CL(!C]  ~0 })c il I t}I[!  first slag(! of t,]I(: 1 )a~kii~~

aIId l) IIOSC  with Iliglm ?,aill (> 9 dl~) Wclf! s~l~~l,(!(l  t,{)
Iw ill tlIc scco IId stag{!. ‘J’]Ic  SIIl)IIIOdIIleS  cxllil)ild  al I

avcrar,c  lmisc fi~,[lrc of 3.9 dl~ and a~l :lv(~l’a~,(! p,~ill ~)f
18 (111.

‘I’l IC h4h41(; mwivc  II Iodul P, colmistillg  of 14  I,N A
S(ll)lllo(llllcs,  a lIOVC 1 I 4-wtiy Wilkilwcnl ]mwm  d i v i d e r

13],  S]IC1 a d r i v e r  I,NA SUI)III(KILIIC  i~t tlIC OUt])\It,  \\i\s
tested ald fmd t,o lIavc a]qm)xilllat(!ly  1 f).8 d]! gain
llll’(III{J,  II (!:1(!11 of tllC 14 ]) fitllS,  will) a llliiXillllllll  ~ilill
variation of 3 1.0 d]] alId a IIlaxit]jl]lll  ])1 Iasc variation

{If:ll  l”.

4 .  I’;XI)EIUMEN’l’AI,  IUSS{JLTS

A lMY)t(,tyl  IC active al ItclIII:i, slImvII  ill l~igtlrc 2, i s
III(dlllaI  ill dcsip,ll,  wlI(!rc  c.dI of tlIc colIII)(IIIc:lIts, tlI(!

iii] ii.y, tlIC l/NA s~l~)lIlo~llll~s) ald tlIc lmvcr divider,
al’C.  1  I 10111  IL(X1  01 Ito ii sill~),lc bas(! ])1 atc 1)~ ,SC1’CWs  fol”
t{!stalji]ity aIId ICW(II  ka})ility. All attlac.tivc fc.aturc  of
tlw ant ClIIIa d(!sig]l  is that all circllitl.v alId d(!viccs,
i.e., tllc ]mwcr dividill[~, IIctwork, Lllc Irlicmx+tri])  lil Ics
of cad)  s~ll)antiy, aIId tlIc 1,NAs,  arc cIIcloscd  witllill
LII(!  alltclllm f ixture ,  l{a{liatiml  frolll tllc al)tclllla  oc-
cllrs mlly tllroll~,ll tll(: slot  radiatil]p, clclrmlts,  tlIm
Iililiilllixillg l“;h4C1 iss(lcs, h4casmd radiatiol)  ]mttcIIIs
of tlic adiw! wccivc array  arc SIIOWII  ill 11’igurc 3, h4w-
s~ircd p,aili of tile actiw:  array, IImasurd  Ilsillg a sLall-
daId  p,aill IIOIVI  (:il)])l{)xilllat<:ly  24 dll at, 19.914 {;1 IY,),
is SIIOWI) ill l~igurc 4, AIId finally, cxlmill]t!lltal  results
illdicat(: tlIat C:/’I’ at> tlw lwall~ ]wak is a]qmmillmt(!ly
-6,4 dl\/c’K.
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